v" The authors report the results of a randomized, prospective study to assess the effectiveness of perioperative antibiotic prophylaxis in preventing postoperative infections following clean neurosurgical operations. The study group comprised 846 patients treated between October, 1979, and June, 1984. Antibiotics, including cefazolin and gentamicin, were administered only in the immediate preoperative and intraoperative periods. Sixteen patients, none of whom developed infections, were excluded from final statistical analysis because they had inadvertently been entered into the study while failing to meet entry criteria. Fifteen wound infections (3.64%) developed in the group of 412 patients who did not receive antibiotics, whereas only four infections (0.96 %) were identified among the 418 patients who received antibiotics. The difference is statistically significant (p = 0.008) and represents a 74% reduction in infection rate with antibiotics. An analysis of subgroups of surgical procedures revealed a dramatic decrease in craniotomy infections from 6.77% to 0% (p = 0.003). Of the four infections that occurred among the antibiotic-treated patients, three were in cases where foreign bodies had been implanted.
T HE value of prophylactic antibiotics in the prevention of infections following neurosurgical operative procedures remains a subject of considerable interest. TM Malis' reporP 5 of 1732 neurosurgical procedures without a single postoperative infection sparked renewed enthusiasm for the use of such prophylaxis. Recently, Geraghty and Feely 8 reported a statistically significant decrease in infections following neurosurgical operations with the use of perioperative prophylactic antibiotics. Tenney, et al., L8 stressed the potential variability of infection rates following various subtypes of neurosurgical operative procedures and emphasized the need to assess the type of procedure performed when evaluating the efficacy of antibiotic prophylaxis.
In an attempt to study the value of prophylactic antibiotics in the prevention of neurosurgical postoperative infections, we carried out a randomized, prospective, blinded study between 1979 and 1984. The results show a statistically significant reduction in postoperative infections when perioperative prophylactic antibiotics are used.
Clinical Material and Methods
In a 56-month period between October, 1979, and June, 1984, 846 patients were entered into this study. The criteria used for inclusion in the study were: 1) a clean neurosurgical operative procedure; 2) no evidence of concurrent infection in any other location within the body; 3) no use of antibiotics, for any reason, for at least 1 week prior to the operation; and 4) no history of allergic reactions to cephalosporin or aminoglycoside antibiotics. Operative procedures were designated as "clean" if the skin was intact and without evidence of infection at the planned operative site. Patients with compound or penetrating wounds were excluded from the study.
Randomization was carried out immediately prior to the planned procedure. Patients were assigned to receive antibiotics, or not, by referral to a table of random numbers. The study was single-blind, in that patients were unaware of whether they had received antibiotics or not. Although the study was not strictly doubleblind, the assessment of postoperative wound infections was carried out by individuals unaware of whether the patient had received preoperative antibiotics. Minimum follow-up time was l year to allow for possible delayed infections, particularly in those patients with implanted foreign bodies where the risk of delayed infection is increased.
Preoperative shaving was carried out immediately prior to the surgical procedure. The skin was prepared with a povidone-iodine solution, and plastic adhesive drapes were used over the incision sites.
The prophylactic antibiotics used were cefazolin, 1 gm, and gentamicin, 80 rag, both administered intravenously approximately 1 hour before the incision was made and repeated every 6 hours as long as the operative procedure continued. In pediatric patients, drug dosages were 25 mg/kg for cefazolin and 1 mg/kg for gentamicin. As Malis ~ suggested, our choice of antibiotics was based on a survey of all bacterial isolates and their antibiotic susceptibilities conducted in our hospital for the year preceding the start of our study. Intraoperative irrigating solution for all patients was normal saline with the addition of bacitracin, 50 U/ml. The protocol included no prophylactic postoperative antibiotics, and administration of postoperative antibiotics for treatment of infections was monitored in all patients receiving this therapy.
All wounds were examined on a regular basis for evidence of infection. Wound infection was defined as the presence of pus in the wound. Meningitis or ventriculitis following surgical procedures in the subarachnoid space was also considered a postoperative infection. Appropriate cultures were obtained for all suspected infections. Wound infections were divided into superficial and deep infections as suggested by Tenhey, et al. 18 Superficial wound infections included mainly suture abscesses, which were all successfully managed with local measures, such as drainage and antibiotic therapy. No reoperations or permanent morbidity resulted from these superficial wounds, and hospital stays were minimally extended if at all. Deepwound infections included: l) subgaleal, epidural, or bone flap infections; 2) meningitis or ventriculitis; 3) deep spinal wound infections; and 4) infections associated with shunts or other implanted foreign bodies.
In addition to wound infections, evidence of infection in other areas of the body besides the wound was monitored and recorded. Such infections included 3.47 -----0.12 significance p = 0.49 p = 0.019 p = 0.53 * Patients' age and duration of procedure are means _+ standard error of the means. Significance of difference was analyzed by Student's t-test. pneumonia, septicemia, and urinary tract infections. All antibiotic usage in the postoperative period was also monitored in these patients.
All statistical comparisons were made using Fisher's exact test, except for comparisons of patients' age and duration of surgery which were analyzed with Student's t-test. Statistical significance was assumed when p was less than 0.025.
Results
A total of 846 patients were entered into the study; however, at the time of follow-up review, 16 patients were excluded because they had failed to meet the entry criteria but the failure had initially gone undetected. Eight of the excluded patients had received antibiotics and eight had not; none of the 16 developed either superficial or deep wound infections. Reasons for exclusion were: antibiotic use within the week prior to surgery (four cases); inadvertent administration of prophylactic antibiotics following surgery (two cases); discovery at surgery of an unsuspected brain abscess (four cases); presence of preoperative infection in another region of the body, such as in the urinary tract (one case); and inability to verify that antibiotics were actually administered according to protocol (five cases).
Of the remaining 830 patients, 418 received antibiotics ("treated" group) and 412 did not ("control" group). No specific complications of antibiotic usage were noted. No renal or otological abnormalities were identified and no allergic reactions occurred. The comparisons between the control and treated patients for age and sex and the duration of surgical procedures are depicted in Table 1 .
There were 15 wound infections (3.64%) among the 412 control patients and four wound infections (0.96%) among the 418 antibiotic-treated patients (p = 0.008). The decrease from 3.64% to 0.96% represents a 74% overall reduction in infection rate when perioperative prophylactic antibiotics were used. Table 2 shows a breakdown of the types of procedures carried out in the entire series of patients. Of the four wound infections in the antibiotic-treated group, one (0.24%) was superficial and three (0.72%) were deep. Of the 15 wound infections in the control group, three (0.73%) were superficial and 12 (2.91%) were deep. Thus, the use of perioperative antibiotics produced a 66.7% de- In order to ascertain possible subgroups of patients who could be shown to benefit particularly from the use of perioperative prophylactic antibiotics, our data were examined in several different ways. Of our total of 830 patients, 288 had foreign bodies implanted, including shunts, methyl methacrylate cranioplasties, deep-brain stimulating electrodes, and others (Table 3 ). In these patients with implanted foreign bodies, four wound infections (2.79%), all deep, developed among the 143 patients in the control group and three infections (2.07%), two deep and one superficial, developed among the 145 treated patients (p = 0.49). Thus, three of the four infections in the entire antibiotic-treated group occurred in patients with implanted foreign bodies. No implanted foreign bodies were present in the remaining 542 patients. Of the 269 control patients in this group, 11 (4.09%) developed wound infections, eight deep and three superficial, whereas there was only one deep infection (0.73%) among the 273 antibiotictreated patients (p = 0.003). Thus, the overall wound infection rate was reduced by 91% in the antibiotictreated patients without foreign bodies.
Of 250 patients who underwent major craniotomies, 133 did not receive antibiotics and wound infection developed in nine (6.77%) of these; three (2.26%) of these infections were superficial and six (4.51%) were deep. Among the 117 patients who underwent craniotomy and received antibiotics, no wound infections developed (p = 0.003).
A total of 176 patients underwent spinal operations. Two deep infections (2.59%) developed among the 77 patients not receiving antibiotics, and one deep infection (1.01%) was identified among the 99 treated patients. The difference in infection rates in these two groups with spinal surgery was not statistically signifi- cant (p = 0.41). In addition to analyzing the incidence of wound infections, we also evaluated concurrenl infections in other parts of the body ("nonwound infections"). There were 37 patients (8.85%) who were treated with antibiotics and developed 42 nonwound infections. This group included 20 infections in the urinary tract, 20 cases of pneumonia, five cases of sepsis, and seven miscellaneous infections. In the control group, 44 patients (10.68%) had 60 nonwound infections, including 23 infections in the urinary tract, 15 cases of pneumonia, 11 cases of sepsis, and 11 miscellaneous infections (Table 4 ). There was no significant difference in nonwound infection rates between the antibiotic-treated and control patients (p = 0.5). All wound infections involved Gram-positive organisms. Of the four infections that occurred in the antibiotic-treated group, three were due to Staphylococcus aureus and one was due to S. epidermidis. Of the 15 infections in the control patients, six were due to S. aureus, five to S. epidermidis, one to gamma streptococcus, and two to a combination of S. aureus and gamma streptococcus. In one patient no organism was cultured. Thus, there was no evidence of selection of organisms by the use of antibiotics and no evidence of superinfection with unusual types of resistant microorganisms.
Discussion
These results support the conclusions of Geraghty and Feely 8 that perioperative antibiotics reduce the rate of postoperative infections following neurosurgical operations with clean wounds. Our overall infection rate of 3.64% in the control patients agrees well with reports in the recent literature I~ and with the 3.5% infection rate reported by Geraghty and Feely. Likewise, our infection rate for patients treated with antibiotics (0.96%) agrees rather closely with the 0.5% rate reported by Geraghty and Feely and the 0.9% rate reported by Haines and Goodman. ~ We saw the most statistically significant reduction in wound infection rates (from 4.09% to 0.73%) in patients undergoing operations that did not involve the implantation of foreign bodies such as shunts, cranioplasties, or electrodes. In patients with implantation of foreign bodies there was a slight but statistically insignificant drop in the infection rate (2.79% to 2.07%).
The studies of Geraghty and Feely 8 and Haines and Goodman 11 were carried out using a regimen of perioperative vancomycin 7 and gentamicin or tobramycin. We chose cefazolin and gentamicin on the basis of the previously demonstrated efficacy of these antibiotics against organisms isolated in our institution over a lyear period prior to the beginning of our study. Cefazolin has also been shown to attain therapeutic levels in brain tissue after systemic administration. 6 In our institution, the sensitivity of isolated organisms to vancomycin is not routinely tested. In addition, vancomycin is a narrow-spectrum antibiotic, primarily antistaphlococcal, which is generally considered as an alternative agent to the cephalosporins. 7 The advantage of tolJramycin over gentamicin is primarily the efficacy of the former against Pseudomonas aeruginosa. In our hospital, 70% of P. aeruginosa cases were sensitive to gentamicin and 93% to tobramycin. Since the cost of tobramycin is approximately nine times greater than that of gentamicin, the relative toxicities of the two drugs are approximately equal, and the sensitivity ranges are also similar, it was decided to use gentamicin instead of tobramycin. Interestingly, not a single wound infection with a Gram-negative organism was seen in our study. It appears that the combination of cefazolin and gentamicin is as effective in reducing postoperative infections as vancomycin and gentamicin or tobramycin, and at considerably less cost. Indeed, in view of the types of organisms identified as producing infections, one might question the need for an agent with primary effectiveness against Gram-negative organisms in the prophylactic antibiotic regimen.
Our results also support the report of Tenney, et al., 18 in identifying a range of wound infection rates for different neurosurgical operations. As with Tenney, et al., TM the infection rate was highest for craniotomies (overall infection rate 3.60%) and lowest for spinal operations (overall infection rate 1.70%). Perioperative antibiotics were effective in producing a statistically significant reduction in the craniotomy infection rate from 6.77% to 0%. The spinal infection rate was decreased from 2.59% to 1.01% with the use of perioperative antibiotics but this difference was not statistically significant, primarily due to the low infection rate and small number of patients. As Tenney, et al., ~s stated, if the true decrease in infection rate in spinal operations is approximately 60%, as our results also suggest, a randomized study with approximately 6000 patients would be necessary to ensure statistical significance.
Surprisingly, perioperative antibiotics showed little efficacy in preventing infections in patients with implanted foreign bodies. In these patients, the infection rate was 2.79% in the control group and 2.07% in the antibiotic-treated group. In patients with shunts, the infection rate dropped from 2.9% to 1.56% with antibiotic prophylaxis. In the group with implanted brainstimulating electrodes, the control infection rate of 3.13% was actually lower than the infection rate of 4.08% in the treated group, although the latter rate drops to 2.04% if the single superficial infection is excluded. None of the differences in patients with implanted foreign bodies were statistically significant. These findings differ from reports in the orthopedic s'13 and cardiovascular 9'14 literature, which demonstrate lower infection rates with antibiotic prophylaxis in patients with implanted foreign bodies. Shunt infections have generally been considered as a special case and are excluded from most studies of antibiotic prophylaxis. They were included in our study, and we could not demonstrate any significant reduction in infection rate in the antibiotic-treated patients. In other published studies, the value of prophylactic antibiotics in reducing shunt infections is unclear. Haines and Taylor 12 and Schmidt, et al., J7 showed no effect from prophylactic methicillin in reducing the incidence of shunt infections. Blomstedt ~ indicated that prophylactic trimethoprim and sulfamethoxazole produced a statistically significant decrease in infection rate from 23% to 6%; however, Wang, et a/., 19 could not show such a beneficial effect. The high infection rate reported by Blomstedt makes assessment of the results difficult. The infection rate in our shunted control patients was significantly lower than the infection rate in the antibiotictreated group in Blomstedt's study. As with other reports, the number of shunted patients in our study is fairly small and thus the statistical power to identify a beneficial effect of antibiotic prophylaxis is low.
Our study, like that of Geraghty and Feely, s was randomized and prospective. In the strict sense however, it was not double-blind nor was it placebo-controlled. Nevertheless, the study meets the guidelines recommended by DerSimonian, et al., 3 for the design and reporting of clinical trials. Randomization was carried out in the operating room immediately prior to surgery. Patients were blinded as to whether they had received antibiotics. Although the operating team was aware of whether antibiotics were given, a separate team was responsible for evaluation and cataloging of wound infections. In addition, because of the rare occurrence of wound infections, when they did occur it was necessary to refer to the randomization records to determine if antibiotics had been given. Thus, we do not believe there was bias in evaluating the presence or absence of wound infection based on the lack of true double blinding and placebo control. We monitored all postoperative antibiotic usage and demonstrated no difference in such usage in the control and antibiotictreated groups and no difference in infection rates in body regions other than the wound area. Both groups received the topical antibacterial agent, bacitracin, in the surgical irrigating fluid. Thus, the use of this agent alone cannot account for the reduced infection rate we have demonstrated, although the combination of systemic antibiotics and topical bacitracin could have had a synergistic effect which might not be seen with systemic antibiotics alone. The value of topical antibacterial agents in reducing postoperative infections is unclear 16 and was not addressed by this study.
In addition to questions of efficacy, a major concern about surgical antibiotic prophylaxis pertains to risks such as the production of resistant strains of organisms, toxicity of the agents, and cost. No evidence was found of either toxicity or development of resistant organisms in our population when the agents were used strictly in the perioperative period. The potential effect of utilizing antibiotic prophylaxis on the entire population of patients undergoing neurosurgical operations worldwide cannot be predicted from our study but, since most patients require only a single dose, the risk would seem to be very low. Our results suggest that the routine use of perioperative prophylactic antibiotics reduces the postoperative infection rate by 2.68 infections per 100 operations. Considering the need for reoperation, prolonged hospitalization, and intravenous antibiotics to treat postoperative infections, there appears to be a considerable cost savings in using antibiotic prophylaxis. Recent evidence from studies of prophylactic antibiotics in cardiopulmonary 2 and general surgery 4 suggests that cefazolin is as effective in reducing postoperative infections as are the newer more expensive cephalosporin agents.
Geraghty and Feely 8 did not believe their results justified making a general recommendation for the use of perioperative antibiotic prophylaxis in neurosurgery. We believe that our results combined with those of Geraghty and Feely do justify such a recommendation, and recommend our regimen of cefazolin and gentamicin as less expensive and just as effective as vancomycin and tobramycin. Our study indicates that prophylaxis was most effective for patients undergoing surgical procedures that did not involve foreign-body implantation, particularly for those subjected to craniotomy. Further study will be required to determine if the smaller, statistically insignificant reduction in infection rates which we saw for spinal and shunting procedures can be shown to be truly significant. Unfortunately, the larger numbers of patients required for such studies makes analysis technically difficult to perform.
